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A CDMA baseband modem having a PN generator with significant reduction in stored masks is disclosed. Various peifonnance 
matrices set forth alternative combinations of sequence generation through three parameters: storage, software, ^"J'^™*"!' 
of this implementation are presented with conesponding haixlware complexities. Masks are used to move to a new phase offset sequence. 
I tasteLd 7storing2N ^asks^ess than N masks a« required to be stored in ROM because of mask calculation .nteU.gence earned out m the 
software/software control. Masks are calculated with a mask generating polynomial based upon any degree ofcharactensUc polynomial of 
' TpN gwerator Mas^^^^^ the mask generator are only stored which result in phase shifts of powers of two. TTie characteristic polynomial 
of the pseudo-random noise generator and the mask generator arc Galois and Fibonacci polynomials. 
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Mask generating polynomials for pseudo-random noise generators. 



BACKGROUND OF THE INVENTION 
L Field of the Invention 

The present invention relates to Code Division Multiple Access (CDMA) 
personal communications systems, and particularly to pseudo-random noise (PN) generators 
5 for a mask generating characteristic polynomials in a CDM A communications system. 

2. Discussion of Background Art 

Code Division Multiple Access (CDMA) is commonly used for bandwidth 
spreading of a digital signal in wireless communications technology such as PCS. Instead of 

10 frequencies or time slots, CDMA uses mathematical codes to transmit and distinguish between 
multiple wireless commimication chaimels. Standard radio receivers separate stations and 
channels by filtering in the frequency domain. CDMA receivers, on the other hand, separate 
communication channels by pseudo-random modulation that is applied and removed in the 
digital domain. Frequency reuse, therefore, distinguishes CDMA's high spectral efficiency. 

15 Because the conversations are distinguished by digital codes, many users share ffie sain 

bandwidth simultaneously . Bandwidth is much wider than that required for simple point-to- 
point commimications at the same data rate because noise-like carrier waves' spread the 
ittfdnnatidtn contained in a signal of interest. • . 

[ In CDMA, many statipns, each having its own unique code, simultaneously 

20 transmit their signals which ^e dismminated firom all of the ottiers. A cross-correlator r 

accomplishes this discrimination by using as a reference the code corresponding to that of the 
desired transmission. CPMA codes are particularly selepted to have good cross-correlation 
properties so that interference from simultaneous transmissions of other signals is reduced. 

Before CDMA, spread spectrum conrraiundcations had been used for many years 

25 to encrypt military communications. It is difficult to interfere with or intercept a CDMA 

message because of its spread signal, and thus its chief strength was to resist enemy jamming 
and to provide secure communication. Applications to civilian mobile commLunications were 
proposed in the 1940's, but practical applications in the civilian communications market did 
not take place imtil forty years later. A-first field test was demonstrated in 1991, a^^ 

CONHRMATiON COPf 
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teclmology was tested, standardized, and deployed in less than seven years. Interim Standard- 
95 (IS-95) became a digital cx;Uular stmdardafJ:er ad^^^^^ 1992,,and approval in 1993, by 
TIAfTeleconmiimications Industry Associatiqn^ IS-95 systems divide the radio spectrum 
: i jj^^Q carriers whicbare 1^30 MHzmdQ. ; , , ^ , ^ . ^ ^ ^ ^ 

5' ^ : Spread spectrimi qoirijnimicatioA^ bandwidth in a limited 

frequency system, and has additional advantages including extended range, md more 
coramunieation seeurit>'. In CDMA;-:a narrq>\^band message signg^^^^ by a 

spreading signal, wMch is ;a pseudo-random n^^ ^(^qy^j^c^e haying a rate much greater 

than the data rate of the message. . lire pseudo-random code sequraces distinguish individual 

^*^''it) ' conversations. ' ^. - ^-v:;:.yr .^rf,^ -^'^ir:: - v 

^^ • \ / CDNIA artificially increases; the^^ 
' ' bit'into a iiimiber of sub-bits Called *lchips.^^^^ factor of IQ, each bit of the 

original signal is divided up into 10 separate bits, or "chips," to^thereby mcrease the data rate 
• by 10. The bandwidth is> also increasedjby a factor of.l.O. ^. ^ 

15 The pseudo-^randoro noise code is^^ a sequetnce of tugh data rate bits ("chips") 

' ranging from -r^o^ 1 (poiar>orHO tjo l^non^cxl^MO-^^n^'dirept^s^ spread spectrum 

devices^ thfe p^^udb-random noise PA4e;9f a A. (pr 0) data bit is. the inverse of the pseudo- 
random noise code of a.i rdata.biti 3y pode for these data bits of 
"indirect sequence" spread sequence devices are other than inverse codes. A direct sequence 
:2b - - code^of Iehgth1^'^i4:might spread a polar =i-l Wt to , ^^1, j.l| ^nd a polar -1 bit to an 
' inverse{-l; H-1, -1;^ an indirect sequence code of length 1^ spread apolar 

^ H-l^l5ittb {^^1,^-1, -Hl,^l}^^to^ --r . ; 

^ ' "Ghips'* thus refers to the niimber pf small data bits in the PN code that are 
added to each single bit in the original signal. This isperfonnpd by^rnultiplying the original 
' 25 iriodur^ted signal by this high data rate EN-eode results (for|>olar), or with an exclusive OR 
bperkion in binary arithmetic (for noiiTpplar). i A wi(^r.b^dwdth„^i^^ 
prdportional to the number of "chips." The receiver. then repoyes t^^ PN-code to obtain the 
original signal by multiplying with a replica code sequejice {(for polar). 

The pseudo-rahdoto^eode is a complex pattern that ensu res the receiver does not 
30 accidentally synchronize with anotheiLsigP^l. A binary pseudo-random noise code of length N 
creates 2^ possible codes. To minimize interference between callers, hoyveyer, these codes 
must be orthogonal to one another. (Signals are completely orthogonal if they differ in exactly 
half of their bit sequences.) There are only N orthogonal spreading sequences of length N. 
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■ A CDnUs: celluiar^hone call begins wi& 
^ second This is then spread to a transmitted rate oPabout 1 .23 Mbits per second. Spreading 
'"■"^ applies the digital pseudo-randbm' ndise code associated with a particular cell user to the data 
bits. The data bits are transmitted along with thb sigtial^ of all of the users in that cell. Codes 
5 ' are removed frbm Meittbd^ignkl w^^ is received; thereby separating the users 

and retmiiih^thecklTro . . ' 

' V ■ Spryj^- ^i^alMltipie JbcijSs systems transinifthe entire signal lOyer a 

■ bandwidth%^at^isih'\i6iigi^^^ 
increase kignai-td^ii^^^^ (STN) pfcrfd«naiifee. ' md^e^^ signal bandyvidth 

1 0 resuhs in an increased probability that the received information is correct for ch^els haying 
na^bSvSaiid noisfer ' Beckusff each Mpal-iSPaiCempilation of many smaller signals at a 
^ ■ fundamental freqiiehcy ahd its hdrmefticiiHcteasing'the fi^ in a more accurate 

reconstruction 6fthe'origiM isighal.''^ ^^^^^ . . : .ji,.,, 

The perfomiiihce incrfe^e fbr'vefy widdjand systems is referred to, as "process 
15 gain," G. This term SfismBes thti'fidelity of the feceivedsignal^gained at the cost of 

bandWidtii, and is defiiied'^ W/R, whfe^^^^ the si)read£bandwidth aiid R is,the,(iata rate. 
■ Enbrs intfoduc^by a noisy channel are reduefed'to any?d6sired.leyel without sacri 
c ^--j^^l^atij-n^^^^ fransfof lisiiig Shainnbii-^eqtiition'of channel capacity:^^ , r h i. ■ 

2(i where C i's'thi ch^el capacity in bits pe* ;secdnd;' Wis,thebandwidm,^^ the energy 

per bit (iivided by rioi^e power. It is^diiea^^ 

permits a decrease iii the S/N ratio without decreasing the; bit error rate. In ISt95A CDMA, 

lot ^^^66 hps ;..:•(.•,-.?!'■ 1..;. -i^-. 

25 ' " ' • ■ u:s. Pat^t'Nbi 5,228;0S4 to=i?Meffre^^ 

" hoi¥e gJnferi^^^^^ length of a PN sequence by 2^. The Rueth et al patent 

" ' " represents a' hafdWatfe-Only approach by providing a sequence augmenting circiiit with a linear 
sequence slliftT^gi^t'ef to augrfient a PN Sequence lengtli by insCTting additional "chips" into 
^ the s^ufeiic-e irabrea^tehriih^d position; The LSSR generates aPN sequence of length 
30 2^ '- '\, 'md the aiugtaetiting circuit inserts at least one additional "chip" to augment the 
sequence length to 2^. ■ " ' 
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. SUMMARY OF THE TNVENTION 

The present invention involves several implementations of a PN generator for a 
, short code sequence with consideration to masking in a CDMA commimications systeria, 
particularly for a modem. Various perfonnance matrices set forth alternative combinations of 
5. sequei)<:e generation through three parametars; storage, software, and time. By varying these 
three parameters, it becomes possible to optimize systeni performance while reducing cost. 
Instea,d of storing^^ masks to move to a n?w phase offset, only N masks are stored in ROM 
due to the ability of software to calculate masks widi a mask gerierator. Masks are only stored 
in ROM which result in a phase .sjiift pf ^.ppwero 
10 . The invention consists of a PN Generatof and a Mask 'Generatdr . ■ A PN 

1 Generator creates the pseudo-random noise, code, and a Mask Generator creates masks to ^hift 
the phase of the PN sequence. The method for determining a characteristic poiyrtOmial for a 
, . . . -JVIask Generator depends ^upon a charactwistic polynomial of a PN Generator: These two 

polynomial characteristics are complementary. PN Generators are of "Galbiis configuration" 
1 5 or "Fibonacci configuration," and the corresponding Mask Generator, therefore, is 6f 
"Fibonacci configuration" or "Galois configuration," respectively. For a characteristic 
polynomial for the PN Generator of the form: 



1=1 

a corresponding Mask Generator characteristic polynomial is:i 
20 h{x) = l-^c^_y-' 



The initial state of a Mask Generator is determined by an output bit firom the PN Generator. 

The Mask GenCTator of the present invention permits the modem to calculate a 
required mask for any phase offset (e.g., from zero to 2^^"- 1 = 327^7): Fastet switching of 
25 phases between PN sequences is possible due to the reduction in niunber of masks required to 
be stored in ROM. Depending upon particular implementation, masks are at least partially 
: ■ computed with a software algorithm. . _ 

; . RRTEF DESCRIPTION QF THF DRAWINGS ^ \ 

3Q V Figure 1 shows a first embodiment prior art masking circuit; 
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Figures 2(a) and 2(b) illustrate two einbodiments of pseudo-random noise and 

masking generators; 

Figure 3 illustrates a second embodiment of a pseudo-random noise "generator; 
Figure 4 shows a third embodiment of a pseudo-random noise generator; 
Figure 5 illustrates a fo 

and._ . . .. _ .... .„.,..■■ 

Figyre 6 shows a fifth embodiment of a pseudo-random noise generator. 

The present invention deterinines a characteiikiC iiolytiomial for a mask 
, generator as a compVementaty fom generator. The 

characteristic polyiioinid^ have complemeniaiy'fofm^ ofa' "Galbis configuration' oi^ a 
"Fibonacci^ confi^atlon." For a chara6tOTS&'po^ tiie PN sequence generator of 



the form: 



V--.5i.r; 



/(*)=i-Z^-*' 

1=1 

corresponding Mask Generator characteristic polynoraial iis: 

AT 

1=1 



20 A linearly recursive formula for an I sequence generator is i(n) = i(n - 1 5) + i(n - 10) + i(n - 8) 
+ i(n - 7) + Kn - 6) + i(n - 2). Therefore, an I pseudo-random noise polynomial sequence has a 

charaaeriSc^ppiynj^^^ 

mask generator lias a polynomial of the {omi h(x) = x'* + + + x' + x + x + 1 . 

Eai:h communication chamel in CDMA has a particular code. Thus,many 

25 . , parties have the ability to conmiunicate si^^^ since each communication channel 

uses a diffe^OTt code. 'to order to suppress ^'e "other codes, integration is required to test for 
the presence of the desired code. Integration over a pseudo-random noise code generally 
produces a result of zero because a truly random code is equally likely to be a positive or 
negative binary di^t. The correlatibfi of fee randdmM averages to zerC 

30 situation! though, if tiie tran^tter andr^eivef code^ ar^ identical. When tiie transniitter and 
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' receiver use the same code, the integratioii results in a non-zero valiie AJl communication 

chaimels are thereby suj^ressed except for the desired cpmniunication chaimel w^ code is 

shared by the parties. r - ; 

A CDMA baseband modem reqiiires 1.2288 MHz PN sequences of length 

5 called "short codes." A shifted; short code sequence has a property of orthogonality. Non- 
• - shifted sequences whh identical PN codes produce a nonTequal. number of one's and zero's 
' ■ (e.g. a sequence of"! 1 1 l":or "0000") whenexc^lusively-QRed yfith one anpther, sequences 

witK^fferent'PN codes produce an equal number of :qnp' s and. ;cero'^ 
^ with' dne another. . Multiplying a sequenpe^^hifted with respect to another seci^?nce integrates 
10 to zero over time (referred to as .."spr#^in&'0> . Multiplying a sequei^^^^^ with respect 

to another sequence inte^ates.tb, a ramp fURCtipn (referred to. as "despreajiing';). , 

Ideally, a sequence is integrated over its entire length to determine whether the 
result is a zero or non-zero number. Howeyer, inti^gration oy?r the raitire PN sequence is 
impractical in IS-95 . ; Instead, the CDMA modem integrates over a section of the PN 
1 5^ sequence, offsets the ^PN phl^e, and peiforms a n6w integration to detennirie whether a shifted 
sequence is present. " ' 

A pseudb-raniiom noise sequence is graerated by a linear feedback shift register 
(LFSR), or a linear sequence, shift register (LSSR). this sequence has a characteristic 
sequence- rate aiid the data has a characteristic data modulation rate. TTie data is exclusively 
20 ORed with the pseudo-random sequence, so that synchronizatipn only ocqurs for common 
factors. A PN sequence rate of 1 .2288 MHz with a data modulation rate of 9600 bits per 
second produces 128 PN "chipis" per information bit; and a data rate of 4800 bits per second 
corresponds to 250 PN "chips'* per information bit. thd coinciiience between the data and the 
PN sequence occurs every 128 or 256 repetition intervals of the PN sequence. It is desirable 
25 to make the length of PN sequence to be a power of two (i.e. 2*^) so that the repetition interval 
of the PN sequence and the data rate happens more frequOTtly. 

There zxc several representations for the operation of a Linear Feedback Shift 
Register One.representation is in powers of a. If each LFSiFtMte is cdrtsid 
for any primative polynomial the total number of unique" vectors i^ ie^ual to bhfe minus the 
.3,0. pplyndmiai: s degree N raised to a power of two. Each vector is coriiirubteii from the binary 
field GF(2) and fomi the elements of alarger iSeld ^(2*^), where N is ihe degi-ee of the 
polynomial. Thus a polynomi^ of f(X)=l+xVxVX*+>C''+5i:'^+X*^^^^H 

(vectors) which belong to the field GF(2''). Vectors can be represented as an ordered sequence 
of m components called m-tuples. Each m-tuple in the vector space GF(2'^) can be composed 
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of Unear'combinations of the unit vectors of tt°,a',a^..:;a'*. Every vector can be determined by 
muliipiieAtibn'S by a and hence addition' of exponents. Using the previous polynomial's 
relation that a'^=l+a^+a'+a^^-aVa'^ any powers of a greater than 15 can be represented in 
^ terms of the powers of a less than-l 5 ; .(Note the addition.is modulo-^ For example 

^ " a''=tt'V^(lW+#¥ti*+'dVa^W)'=^^^^ • ' 

' '■'^ isidehticaltbalineartrsuisformationofa 

' ' vector (rii-tupia). thus ahother represetttation for the operationiof an LFSR is with linear 

tramsf6ntiati&ns.'11ie parti(^^ is in the-form of a matrix multipliqation and 

ihod^is botii'ffie'operatibnb IfiilR ^egister and the feedback, operation. Fqr the Galios 

^ 10 ' LFS^r^hg op6tation ^ 15-mple 

coluram'Veetbtrthe iiiatri 
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, 15 . >Yhere the .Pn represent p or 1 for the coefficients of the previous generating polynomial. The 
. , , , resulting column, vector y'^ identical to iterating the Galois LFSR by one clock cycle. Thus a 
sequence of length 2' --1 that is generated with W LFSR will contain 2*^-1 distinct 15- 
jjiples. Moreover, after 2'^ -1 matrix multiplications with an initiail'm-tuple, the original m- 
tuple will result. Tl)is operation extends to any polynomials of any degree. 
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The circuit of Figure 1, referred to as a "mask" circuit, performs the imier 
product (or dot product) of two vectors which belong to the setF/i or vector space over the 
field GF(2^^). If u and v are vectors in the vector space Vn, the scalar product is 



u • v = ^ Ui • Vi = uo • vo Ui • Vi + . . . -h Un-I • Vn-1 



10 



15 



20 



where Uj • v\ is carried out in modulo-two multiplication and iii+Vj is carried out 
in modulo-two addition. Thfe mpdulo-two multiplication is implemented with an "AND" gate. 
The modulo-two multiplicatipn is implemented with an "Exclusive-Or" gate. Thus the inner 
product between two vectors in the vector space forms a scalar. In this case the scalar is an 
element over GF(2). The inner product has the mathematical properties of: 

(i) u • v = v • u commutative 

(ii) u • (v+w) = u • v + u • W distributive 

(iii) (au) • v = (u • v) associative 



' fhe opCTafiSft 6^^ ain' xhh^f product is Ideiilical td the inner product of a row 
vector multiplied ma^^ The resulting scalar is an element 

over GF(2) which directly i^ai|)s' to' a bitAvitliin the outfiiit PN sequence. The ms^^^ is one to 
one and each possible vector is associated with a unique 'offset iri the sequence. The purpose of 
mask generating polynomials is to effectively predict the required vector for any given offset. 

lli^reqmr^diMSk V^^^ of N-1 "zeros" and 

a single '^jne" cbixe^ thef oUtiiut tap d^ is 

from the fifteenth bit of a shift register/iHe msisk for a ^ero offset is all zeros except for a one 
in the fifteenth position: . ; ^> > ; ;r , 



■1 ,r" 
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To 0 0 0 0 0 0 ,0 0 0 0 0 0 0 1 



LCi,. 



*-l3 



14 



:.5;- 1 



The above notation assumes the LFSR output is taken from the fifteenth output 
bit. me Cn coefficients cpiresppnd to any.partj^uijffO^t^l?,^^^ vector space V„. 
s. - a . .iIliepperatopf%.W^f.9^fcuU 

fottowing: form .where u is,^^ , . .., . _ . .j- . , ,, 



10 



15 



■ 2 ■i.':.;.:--^ 



.r: : Each, ita:atio.n:Of the LjFSR i^s eq!uiv,al^|jt;to.inultiplicati^^ by M. the output x" 
is^the^fesult'offoimirig the inner p^oduct^it^^ resul^ng vector and the "mask" vector u. If 
the mask vector; u. is static. ■ iterations pf tjie I.FSR (or successive multiplications by M) will 
generate a bit sequence of x" which is offset from the bit sequence produced by v alone. 

The process of determining the correct "mask vector" for any arbitrary shift can 
be seen by using the associativity property. Thus the identical output x" can determined with 
the following relation: 



20 



(u • M") v = x" 

The above expression assumes that u is the vector corresponding to the zero 
shift. The vector for any a" offset is equivalent to setting N=m and performing N right hand 
side matrix multipUcation's with a row vector. The identical sequence to the previous x" can be 
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generated with successive rowrmatrix multiplicatipns while keeping the yi^etory . constant. 
This is the basic process for generating arbitrary '^ask'^ vectors, Upqn inspection of row- 
inatrix multiplication, the operation is identical tp a "Fibpnacci" LFSR, The cpefgcients of the 
Fibonacci LFSR are directly, related to the generating polynomial lj»ut reversed. . . _ 
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To efficiently compute amy "mask vector"; ireiStjOhs of the Fibomicci LFSR 
i O ' ' must be computed efficiently. Aithoup^ltTs^plQSsible tcr ge 

Fibonacci LFSR for N times starting firom the zero shift vector, more efficient: algorithm exist. 
In the same way the u vector is a mask for the Mv -Galois LFSiC the v va^^ masks for 
. the uM Fibonacci LFSR. Thus the Fibonacci LFSR output can be offset as well. By storing a 
small set of Galois vectors to shift the Fibpnacci LFSR, an efficient mask generating algorithm 
15 can be determined. Moreover, if the Galois vectors are chosen to correspond to shifts by 

powers of two, then the bits of a binary representation of an offset will correspond directly to 
the small set of stored vectors. These Galois vectors can be used to shift the' Fibonacci LFSR 
to generate any required mask vector. 

Figure 1 illustrates a first prior art embodiment of masking circuit 100. A 
20 sequence of fifteen AND gates lOla-o each has an input for receiving a data bit from bus 102 
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ahd a nia^k btt ftom bCis ibi: the bii^ut of each of AND gates 101 a-o is coupled to one of 
fifteen exclusive OR gates 104a-^o: the first exclusive-OR gate 104a has one input coupled to 
AND gate 101a and one input coupled to- ground. The last exclusive OR gate 104ohasan 
output prdvidihg a SHIFTEB OUTPUT s^quiaiCei ^A 15 bit word is expected for a desired 
phase offset. 

When these parameters are incorporated into the hardware, a table of 512 x 15 

bit words produces iiiaccurabiek up to 64 Chips. Compensation is achieved by "slewing," 

which is defined as a process of cldcking the iPN generator at a rate other than 1 .2288 MHz. 

"Slewing' forward" Refers to clo'ckihg at a rate faster than 1.2288 MHz, while "slewing 

backward" is clocking at a rate slowey than 1^2288 ^AHz. The humber of required clock cycles 

to change the phase offset is (1+ 64) giv^n iinidi|ectional slewing. The software complexity 

for this approach is zero since no intelligence,, is used in loading masks. The total ROM 

storage is 15,360 bits. ' '. \' , • 

Tabid 1 shows the masking perfotmtoce of this first embodiment. The columns 

for H/W sleAving cycled arid computation iteiratibhs 'are separate because these algorithms are 
done in parallel. T^e H/W slewing cycles db not naiessarily «?orrespond to chips since the 
H/W clock cycles are done at a faster cttip r^e il" a faster cloc^ is multiplexed. 

Table 1 





ROM bits L 


Hardware - 
Complexity 


Hardware 
slewing cycles 
(max) , 


Computation 
Iterations 


I-PN Code 


7680 


30* 


64** 


0 


Q-PN Code 


7680^ : 






0 


♦ Estimate is a combmat 
1 not incluiloii i ; ; : o i 
**Given unidirectional 


ori bf AND dAd ?iOR'^atfe;Since^#:maiSking techniques require, a mask, regisici^ u:. ^uuinitxiiy is 
sle^ying , 



20, 



25 



to Table l/fe"i^ to thfe mask circuit, arid additional 

;iogic creates'exS'zSros^n the PMmM OtJ^ arid ifflFTEb OUTPUT data streams. 
The en^^ 1 maiirtains a partic^uiar FN offset^ind the mask creates a relatively 

. shift^ sequence.' Oneadvantageoftos'^^^^ is that it permits i^id Switching between 

a shifted and non-shifted sequence, wliich propdty has appUcatiori to mter-fretiuency hard 
handoff in IS-95-B by permitting the mobile to quickly retuih from the hard handoff. 
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Rake finger performance is also affected by the number of clock cycles required 
to change a phase offset. A Rake fixiger in an IS-95 system is required to demodulate to a new 
"Z base station, and the finger m to do this. Therefore, 

system perfannance is effected. wh^ aJ^^ this delay 

"depends upon the speed of changing the PN phase offset. Moteover, a long delay results in a 
loss of information from the newly assigne^^ 

Figures 2(a), and 2(b) iUi^trate two embodirii*mts of PN and mask generators. 
In Figure 2(a), PN Gejxerator A 201 has a Galois configuration and corresponding Mask 
Generator A 202 has a Fibonacci configuration. The initial state of Mask Generator A 202 is 
determined by the„putput bit of PN Generator A 201 . Wheii the>output bit of PN iGenerator A 
. 201 is the, least significant bit (LSB), the initial state of Matsk Geiierator A 202 is 0x0001 , The 
0x0001 state vector generates a zero shifted sequence in a maskuig circuit 100. 

Mask Generator B may be used to generate masks for PN Generator B. The 
initial condition of 0x4000 corresponds to a zero offset sequence. The 0x4000 mask may be 
used.indepehdently of the state of PN Generator B to always result in a zero offset sequence. 
One.iteration of Mask Generator B results in a single bit dffeet; sequenced "Sample data of a 
Mask B Generator State versus PN sequence shift is showti in Table 2. . A similar table may 
be constmcted for a PN Generator A and Mask Generatqr 4- 



■ f 
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Table 2 



State of Mask Generator B 


^niii reiaiive 01 x^in vjciicx<*i*ja awt,|uwixv'^ 


_ - . Ox AOgO' ■■■^n^ M^i'r :'^ i 


0 


0x2000 ..^T, , 


1 




2 








4 


- i'iT -; . .!-a:Xj020Q.- jo; a -izui^iiv. 




■ r. ^ . . - - ; .e-^j03X^010Q> - . . . amr: hbir.i nd. 






. _ , 7 " , 


^ :;■ . ^ jO^OOAQ :: --/-u^ Ci Liif: r i ' 


, _ _ . ^ , 8 


'V ••• • i ■■ ■■ 0-x 002a;; o-:s>; £ c- si: 




V. -r,- v-O-X-OOlO-vi;;; 0^ -i -Oi^i^-tC 




■■ ^K:; l:!^;^Q■x (X^m^id -!>if;r;, r. rr zsi^^z. 




- "■'■■Ox-0004-r''!" ijoir.Mtp: 


\2 . .. 


0x0002 - , ;u : — 6 




0 x 0001 


14 


0 X 51D0 


15 


0 X 28E8 


16 


0 X 1474 


17 
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Figure 2(b) correspondingly shows a PN Generator B 251 having a Fibonacci configuration, 
and Mask Generator B 252 having a Galois configuration. Both the PN Generators and Mask 
Generators of Figures 2(a) and 2(b) are typically linear feedback shift registers or linear 

sequence shift registers. 

The use of Mask Generators and corresponding PN Generators importantly 
reduces the problem of computing masks to the problem of computing states in a LFSR. Chip- 
accurate masks are computed from the state of the LFSR. New masks are calculated only 
when a new offset is required, and computed masks can be stored for later use. 

Figure 3 shows a second embodiment of an I PN generator for computing a 
mask in a shortest possible time albeit at the expense of the most hardware complexity. Less 
ROM storage is required and higher precision masks are produced. This hardware is 
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14 

duplicated for a Q sequence, PN genCTator Hardw^^^ 300 consists of ROM 301, control block 
302, mask register 303, fiftqen (15) mask circuits 3p4a-o, PN Generator A 305, and FN 
Generator ^nask cixcuit 306. /Each mask circuits 304a-o is equivalent to mask circuit 
100 of Figvu-^ 1. The PN generator requires 15 bit counters. ROM 301 has 3375 bits since it is 
; required to store 225 .wor(Js.. New masks su-e gen^^ by reading from 255 \vord ROM 301 
witii instoictions stored jn control blppk 302. One of the 15 stored sets is a sequence of masks 
resulting in shifts of {2^^ 2^t+ UO^^^^^^ 6, 2^^ + 7,^'^ V 8, 2'^ 

v+.9,2*^'-M0,-2*"h-11,2^^+ 12,2^"^+ 13,2^^^^^^^^ ^.-C.: ^ 1''^ 
These stored elements; 2u^,als^ , 



14 



14 



number of stored words and resulting shifts = ^ (2^ = j)} 

7=0 



i»0 



Fifteen words are read from ROM 301 on each iteration for input into mask circuits 304a-o. 
Single bit outputs froin each of mask cijgmts.3.Q4^^^^ are.reloaded into mask register 303. 
During the next iteration, all fifteen mask circuits 304a-o produce a shift relative to a previous 
1 5 iteration. Thus, a chip accurate mask requires only fifteen sets within fifteen iterations. 

Control block 302 anticipates a bin^ry.r^presentation of a required offset in order to simplify 
1 spftware^i^^ fifteen iter^tionsof matrix multiplication and 
-rvthen enables ^outputpfiGomputed mask:s, for use in PN Generator mask circuit 306. This 
embodiment utilizes stored states of a linear feedback shift register for mask computing. The 
""Sr^^^kn^ clQS^^ycles are 

■"■'"^required.""' : — ^ - . 





ROM bits 


Hardware 
Complexity 


Hardware 
slewing cycles 
(max) 


Computation 
Iterations 


^NCode 


•'3375 • 


--^^451*^ 


^i^:nK0sM;c;-:..y 


15 


Q-PN Code 


3375 


.451* 




. 15 


•Estimate is a combination of AND and XOR gates. Since all moikmg techniques require a mask register, its complexity is 
not included: ' i ■ ■ •■ : ^rro;-;:- ^ :^;s ■ ./■■-■^^vl 



J -'Hi 



25' 



Figure 4 shpws a third embodiment of a PN Generator A with simplified 
hardware for mask computings This embodiinent sacrifices speed for decreased hardware, and 
requires 255 clock cycles making it: the 5lowest of the options but reduces hardware by a 
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factor of fifteen. Hardware 400 consists of kOM 4DI-, control 402, Mask Generator A 403, 
mask 'circuit 404, PN Generator A 405, and PN Generatbf mask circuit 406. Mask' generator A 
403'reRlaces the mask register 303 of Figure Software instructions in control block 402 are 
more complex for thi^ embddiihent th^ for Figiire 3. ROM 401 has 255 bits since it is 
required to store o^y I'^ words^ Klask' Ce^ is masked with mask circuit 404 to 

produce a sWfted sequence; 6^tp\it friim mask Circuit 404 is another mask state after fifteen 
cycles, whereupon a different'word is read from ROM 401 . A new chip accurate mask is 
computed after 255 iterations, and the entire"range of 2'^ sequences are accommodated with 15 
shifts each having a different offset powk 6f 2. -Tlie- stored elements are represented as: 



10 



number of stored words and resulting shifts = ^ {2'} 



1=0 



The inasking performance (if this; 4. 



15 



■ V'itJJ 1: . 


ROM bits' 


Hai-dv/ax6'' ''-j 
'Cdittplekity " 


-Hardware^ ^ 
' slewing cycles 


Computation 
.Iterations 


I-PN Code 


225 


36* ■ ■ 


0 *^ ^ "' 


225- 


Q-PN Code 


225 


36* 


0 


: : .V 225 


•Estimate is a combinat 
not included. 


on of AND and XOR gaus. Since aU inasking techniques require a masK register, its compic*uy 



20 



25 



Figure 5 shows a fourth embodiment of the present invention that moves the 

m^or^SSSn^StS^^i^^^ 
Digital Si'giialProce"ss6rr^^^^^ 

"ahd optional PN Gene^ifting (pSP.5,02 is, preferably a digital. signal 

processor wi.th.instru.ctipnsJor LFSR and Count Ones added.) This embpdinaem provides 
greatest flexibility for variation among the parameters of time, storage, and software. 

' Advantageouiiy] this eS^odimeht fiihher permits slewing, and can combine slewing and 
computational i^^tion Without^a-ffectihg system performance. Moreover, more, efficient 
algorithms cam be addad^^^^^^ 
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Calculation of a chip-acciur^te mask can be performed on DSP 502 with Mask 
Generators. The masks are loaded into a register for use in the mask circuit. The output of 
the mask circuit is a/slu^ sequence/elative to PN Gene^^^ The 15 bit state of the 
mask generator determines the mask input to the mask circuit. By using the binary 
5 decomposition of the require^ offset, any mask can be calculated with the mask generator. 
^ ' ' ' : That isV iof sequences ojFieji^di 2^ a lS.M^i5i/oid. .Smcc4b^,TO2\sk generator is 

an LSFR, it too can be shifted. If lS shifts are pps:sible 0.^?,^^ 2*^ • : / : ^r3^)j^y.^^^^ 
; ? poadbls mask gener^.t^^^^^ This resulting mask 

generator state is then used in the mask circuit to shift the PN sequence by ahy:2^ xrffset. 
10 Thus, Avith 15 X 15 bit words plus 15 iterations, no inaccuracies result. Only fifteen::bits of 
shifted output sequence are required to determine the state of the mask generator, so that only 
fifteen words or less are stored in ROM. Each word represents a maskl^^^^ shift 
of a i)6wer of twof Fifteen bits of sMfted out^^ 

generator state is computed from these fifteen„ bits. Another word is read firoto ROM to 
1 5 generate a shifted output relative to a previously determined state. This masking technique is 
apphcable to lar^e shifts for computing the eSfective state of Mask Generator B . If DSP 502 
runs Mask Generator is to compute smail sW the corresponding iriksks^^^^^ required to 
be stored in ROM. Tliie PN sequence of PN Generator B is never invalid due to mask 
inaccuracies, and therefore it is not necessary to slew the hardware of PN Gen^^^ B. Thus, 
20 this embodiment perniits a tradeoff betwe"^^^ speed ahdf stoiage siz^^ a feV ex!^ples of which 
are shown in Table 5: 
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Tabic 5 



■.->■: • .■ 


KUiVl OltS 


litU tlW oi C 

'Coiripiekity ^ 


slewing cycles 
' ' (max) 


Computation 
Iteratiiatts 


I-PN Code 




30* 


o" 


240 


Q-PNCode 


225 . 


^^30* 


0 


240 




>l5p. . 


3.0* , 


16 


176 


Q.PN:Gode 


150 






176 


I-PKCbde ■ 


r ;135 -..'7.' < 






. ... 176 


Q-PNCode- 




30*?-' V, 


tr-v 32 


176 


' *Estiinate is a coi*ibmation of.AND and XOR gates. SiiiceM maskmg tecimiques «^ a mask register, us cpmplexity is 
j ; not included^ - . ... r .^.y^-,} ^ % i . , 



The fiKt two rows of Tfble 5 represra^^ 
5 phase shifts and not employing mask generator iteration for smali sfiifts. Here, shifts of a few 
chips require their own masks stored in RPM- After generating a 15 bit output stream from 
n mask^ig peiierator B, an extra cycle may be needed to reconstruct the state of Mask Generator 
B The total number of computation iterations for the fifteen masks are ( 1 5 + 1 )(! 5 masks), or 
240 iterations. 

1 0 The third and fourth rows represent a trade-off between storage size and mask 

generator iterations. Here, only 10 masks are stored in ROM, with resultant inaccuracies of up 
to 16 chips. These inaccuracies are compensated by iterating a Mask Generator B for up to 16 
iterations. The total number of computation iterations are, therefore, [(15 + 1 iterations)(10 
masks) + 16], or 176 iterations. The state of Mask Generator B is thus a chip accurate mask. 

\ 5 The fifth and sixth rows show another trade-off between storage size and 

software slews. Here, nine masks are stored, with resultant inaccuracies of up to 32 chips. 
These inaccuracies are compensated by iterating Mask Generator B for up to 32 iterations. 
The total number of computation iteration are, therefore, [(15+1 iterations)(9 masks) + 32 
slews], 1 76 iterations. Again, this results in a chip accurate mask. 

20 Figure 6 shows a fifth embodiment of the present invention introducing a new 

design for a PN generator to eliminate impUcit 15 bit counters to handle masked sequence zero 
insertion. This embodiment uses only one mask circuit to compute states for the target PN 
generator. The entire PN generator is set to the PN offset and mask circuits are removed. The 
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hardware only performs zero insertion in the target PN generator, which eliminates the need 
for 15 bit counters to perform zero insertion in a masked output sequence. 

The embodiment of Figure 6 includes Digital Signal Processor (DSP) 601, PN 
Generating mask circuit 602, Preference PN Generator B 603, control block 604, target PN 
5 Generator 605, Exponent Counter 606, Walsh Generator 607, System Timer 608, and offset 
^ " ?i09r DS1* 60r cbthpute^ chip accm-ate niask^ 

- . -p]sj^gj^g^^^Q^ 6Q5 , (DSP 601 is preferably a digital signal processor^ 

' w'CGmputed ^s shifts xelative to tefexgacilPN G^^^^ 603, which is utilized^^ a teverse link. 
. Control block 604 shifts the output of inask circuit 602 to target PN Generator 605, Feedback 
,.10 - is disabled while shifting is performed. Feedback is connected once shifting is perfqimed, and 
LFSR of target Ptlf Generator 605 activates. . ^ ''"'^^h^:. V 

Exponent Counter 666;perfonns two fimctionis: (a^^^^ accoiTpnodate case 
where a mask shifts the PN state p^t the^ z^^^ arid (b) fdr.Walsh sequence 

generation. An overflow signal indicates a.zero insert^ The 
1 5 - corresponding integer value of the phase offset is added to the value of System Timer 608 

upon loading a new phase offset. Walsh Senerator 607 pe^^ a inask of Exponent Counter 
606 to generate a Walsh sequence by loading a representation of a row m the w alsn matnx. 
Software loads a binary representation of a row in the Walsfi'inatiix. 

The entire mask calculation is again performed on the DSP 601 acting as Mask 
20 Generator B. Various trade-offs between speed and storage space are available as in the fourth 
embodiment. The elimiiiation of ^ iii ea^li W generator results in a decrease 

in speed, A chip-accurate mask is loaded iiito tiie mask circuit 602. Fifteen hardware cycles 
must elapse before a useable state is shifted out of thb niask circuit 602. The number of 
shifting cycles is added to the number ojf cbmputational iterations to obtain tfie tbtal speed of 
25 computing a new mask. Shifting cycles perfonned[ in ^^t^^ hardware are wasted, and every 
reload of the PN Generator results in fifteen lost cycles because the butpiit of the PN . 
peneratpr is invalid for these cycles. 

Masking performance, includmg several ex^ples of the trade-off between 
speed and storage space, is shown in Table 6. 



BNSDOCID: <WO 9945670A2_I_> 



wo 99/45670 




19 

Table 6 




PCT/IB99/00366 




ROM bits ^ 


Hardware 
Complexity 


Mask Gen.B 
interations for 


Computation 
Iterations 


I-PN,Cod? , 




30* 


o 




.QrPN.Code_ 


. ,165, 




o 


184 


I-PWeode- 






15 


1 /o 


Q-PNCpde: 


■■,:::.:il5a:,,-:> 




. . ID 


176 


I-PN Code 


120 






192 


Q-PNCbde 








192 


•Estiitrite is ^ combihatibfrof AND arid XORjgates:. Since aH masking tccjipiques rpiuire ^ masK regisier, us «,n.p.«»y « 
not included. \: ;i'h,>\, ' ;.; ;-r A.:>r':"^^>ar • ;^ ,:V.nr .>-^. . _ 



15 



20 



,Th? first aRCsecond ro^s represent a case of storing eleven possible phase 

. shifts. Ilie^erT<^ <rfsto^«igj?l^^ ^'^C P^^^S 

iterations are [(15 + 1 iterations)(l 1 masks) '+ 8 iteratioiisi, or 1^4 it^tidns. the total time 
.require4:to=lo?d anew ?mp isi(15.+.l itCTations^^^^^^ rn^ks) + g iteration + 15 shifts], or 199 

. ... Jhe ^d.9nd fourth rows represent a case of storing 1 0 masks m ROM. The 
..;.,error of storing lOpf l^sbifts isJ6 chips. The^ptoUomp^ + ^ 

, .Uer^onsKlO^m^Jc^ + 10^i;^koi^l76 ^te^^ to cbfeiJ&e a new mask 

.. is [(151+4 iterationsKlOmas^^^ H ^^^^^'^®^^^ cycliss. 

Tli^ filth and sixth ro>ys represent a case of storing 8 ihasks in ROM. Th error 
of storing only 8 of 14 shifts is 64 chips.^ The total computation iterations are [(15 + 1 
iterationsXS masks) + 64 iterations], or 192 iterations, the totil time to shift the PN 
V Generator is;t(^5,+j J, iter^tions)(8 maste^ 64 iteration +15 shifts], or 207 cycles. 

This sixth embodiment permits more intelligeiice in computation of masks. 
Once a more efficient method of mask computation is determined, e.g. recoiifiguring a 
feedback polynomial, the system is enhanceable by changing program code within DSP 601 . 

The preferred embodiment described in the preceding description is provided to 
enable one of ordinary skill in the art to make and use the invention. Various modifications to 
these embodiments wiU be readily apparent to those having ordinary skill in the art. 
Therefore, the present invention is not intended to be limited to the specific embodiments 
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described herein, but is to be accorded the widest scope consistent with the principles and 
novel features disclosed herein. 



■■■■ - 
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CLAIMS: 



1 A system for generating mask polynomials in code division multiple access 

commimications, comprising: 

a pseudo-random noise generator for generating first polynomials, said first 
polynomials representing a pseudo-random noise code sequence of a communication channel; 
5 a mask generator for generating second polynomials, said second polynomials 

being derived fi^om said first polynomials, said second polynomials permitting calculation of 
masks representing any desired phase shift offset in said sequence. 

2. The system for generating mask polynomials of claim 1 , wherein: 

1 0 said mask generator has a plurality of mask circuits. 

3 The system for generating mask polynomials of claim 1, further comprising: 

a Walsh generator and an exponent counter. 

15 4 The system for generating mask polynomials of claim 1 , wherein: 

said first and second polynomials have complementary Galois and Fibonacci 
configurations. 

5 The system for generating mask polynomials of claim 1, fiirther comprising: 

20 means for integrating over at least a portion of said sequence to determine 

whether said pseudo-random code sequence is present, wherein a result of an integration is 
zero when said pseudo-random code sequence is not present and non-zero when said pseudo- 
random code sequence is present. 

25 6. The system for generating mask polynomials of claim 1 , wherein: 

said pseudo-random noise generator is a linear feedback shift register or a linear 
sequence shift register. 

7 The system for generating mask polynomials of claim I, wherein: 
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said psevi<io.;random noise generatpr^is slewed by varying the clock rate. 



; - The system |or gei^ierating mask polynomials of claiin 1 , wherein: 

a ROM for storing words to produce said masks of said phase offset in said 
5 sequence, said ROM storing N words to produce 2^ of said phase shift offsets. 

9. A method for generating mask polynomials, comprising: 

generating a pseudo-random noise sequence with pseudo-random noise 

generator; 

10 storing N words in ROM; 

generating 2^ masks with a mask generator from said N words; 

shifting a phase offset of said pseudo-random sequence with said 2^ masks; 

integrating at least a portion of a pseudo-random noise sequence. 

15 10. The method for generating mask polynomials of claim 9, fiirther comprising: 

calculating said phase offset from 0 to 2^ - 1 within N iterations. 



1 1 . The method for generating mask polynomials of claim 9, fiirther comprising: 
slewing said phase offset by varying the clocking rate. 

20 

12. The method for generating mask polynomials of claim 9, fiuther comprising: 
calculating a mask for small shifts by iterations of said mask generator. 



13. An apparatus for generating mask polynomials in code division multiple access 

25 communications, comprising: 

pseudo-random noise generator means for generating first polynomials 
representing a pseudo-random noise code sequence; 

mask generator means for generating second polynomials permitting calculation 
of masks representing any desired phase shift offset. 

30 

14. An apparatus for generating mask polynomials, comprising: 
means for generating a pseudo-random noise sequence; 
means for storing N words: 

means for generating 2^ masks from said N words; 
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phase offset shifting^ m^^^ 

sequence; 

" ' integrating means for integrating at leas^^ of said pseudo-random 

sequence. 
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